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ABSTRACT: Objective To objectively compare the quality characteristics of Apostichopus japonicus cultivated
under the “North-to-South cultivation” model (geographical translocation) versus those from the native Dalian
habitat, and conduct a comprehensive quality evaluation. Methods Using the 2 kinds of dominant market
forms—ready-to-eat and dried Apostichopus japonicus—from Dalian (native) and Fujian (“North-to-South
cultivation”) as research subjects, comprehensive physicochemical profiling, sensory evaluation and nutritional
composition analysis were conducted. Multivariate statistical analysis was employed to systematically elucidate the
quality differentiation and its material basis between Apostichopus japonicus from different origins. Results The
geographical environment significantly reshaped the nutritional profiles of the 2 groups. Dalian Apostichopus
Jjaponicus exhibited superior lipid quality and amino acid composition, characterized by significantly higher content
of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and essential amino acids/total amino acids
(EAA/TAA), accompanied by a lower atherogenicity index (AI) compared to Fujian Apostichopus japonicus.
Conversely, Fujian “North-to-South cultivation” Apostichopus japonicus were distinguished by the accumulation of
functional bioactive components, showing relatively higher levels of Apostichopus japonicus polysaccharides,
saponins and total sugars. Correlation analysis revealed that the enrichment of n-3 polyunsaturated fatty acids
contributed to the distinctive fresh “grassy” aroma of Dalian samples, while the accumulation of saponins and sugars
formed the mellow “fatty” aroma of Fujian samples. Hierarchical clustering analysis (HCA), based on 10 screened
core physicochemical indicators, accurately classified all samples into 4 distinct clusters, effectively identifying
characteristic differences driven by origin and processing methods. A principal component analysis (PCA)-based
comprehensive evaluation model further confirmed significant “origin-specific” differences in nutritional
composition between the 2 groups. Conclusion This study elucidates the patterns of quality differentiation caused
by the “North-to-South cultivation” model from the perspective of chemical material basis. It reveals distinct
origin-based characteristics: Dalian Apostichopus japonicus are defined by high-quality lipids and proteins, whereas
Fujian Apostichopus japonicus are characterized by the enrichment of bioactive substances such as polysaccharides
and saponins. These findings provide a vital theoretical basis for scientific quality evaluation, product differentiation
and deep processing strategies in the Apostichopus japonicus industry.

KEY WORDS: Apostichopus japonicus; “North-to-South cultivation”; hierarchical clustering analysis; principal

component analysis; nutritional quality

FH1TE

0 51 &
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AN E 2045 [ 806 2 I i A 3R P B DR AR ALE ™
ABERR, BAEORS SR A 55%~69%, &
TS SN TIRA B T &R, (HEXT [ —4
AT EFM TIEAEIERRT) T RS, B
R 1) X EL A SR AT A X

YT, AW U A R R A + S5
SRS ES A, EETEEH T2 A0
R4, MRS SCHRE(SC/T 3308—2025 (EIEIGS ) K
GB 31602—2015 (f i Z2E bR T2 ) )l &
EAEES 5% TES ., Bl RENEHERTEREE. il
febr . AL R E AT, BRI . KA. O T
(S BAT . S 20 LSRR AR TR roks 2 K13,
254 F LAY 43 #r (principal component analysis, PCA), JZ2IK
P54 #r (hierarchical clustering analysis, HCA)% £ 78 41
THA 3, XL ST 256 B 022 54 B B SRR
iSRS A A 3 905 B BT AR R I A R R R
Y E AR

1 MR5ERE

1.1 HmRESMT

S8 FH 6815 8 2 (Apostichopus  japonicus)T 2024 4E
3—5 AARAE F AL 7RG FAR B . o, K%
ZH R SR B B 6 R A L B A S A K A M X
R REIET . R E LR, KRG
B . FEIHESRAE S A FRE 3 R RIS, A A R AR
AR, YA S IR B (M RS I s B
BRI 02 2 R A SR ), SR 0 7 AL TR AR AR
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M2, R AR IR R A A T AR S AN B . 457
W24 W 2% SC/T 3308—2025 & GB 31602—2015 Hiifi
L2l &, MIEESmEREERET 100 cClikhiE
2 5 min, FJS7E 100 °CH F 5444 F 7835 60 min, B HIFE
T 0~4 °Calik iR 48 h(4E 12 h #k—XK); wRTES
A FCRE T 3.5%3R Kk rh Ak 40 min, #5HT)E R LR

THEE KRBT 15%. IT5ERUR, FrAFESh B L as
1035 3-8 T —20 °CoKAT PRI
1.2 UHFE5RH

SP11Z007 HLWHE L (TEEHIZNAH); Centrifuge 5910
Ri &3 B .OAL(HE E LA/ F); Thermo Scientific™
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DHG 7 41| it #AVPE Ik g RT3 4 (11— TE R 22 A A B
NEIDE

37 Fig Wi IR TR IR G bR A (S = 99%, 3%
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TLIRIE 55 ARG BB e A5 B \l); B R T 3 — iR Py
B, MEVEERERE S (S5 =98%, [ Sigma-Aldrich 23 /);
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-5 It IR B R (2 B = 99%) . = 8 Ak B - PP PRV OB (U
15%). HEE, OB, TR, =8Pk, =Hamk. BB
i k(g . iR, B, Wik, S84k, 2
TR R . AR . BRERE . CRRBE . BRERE . Al
ik (B FE 30~60 °C)., Jo/K .Mk . TO/KBRIREN . B 28
TRER SN AR IR . FIRLTHE R L IR By n 7]
L BEEHR /R L LBk 20K RN R R (p=1.18 g/mL) .
WHMAR(p=1.84 g/mL) . HAWECIHTEE) . LRE(LERE 95%) .
KA BRERFREL . LA . FUBHAE = 98%) . AR
W (R h 2k, TG 1=10.00 71 U/g)( iR T A fb BH
A BR A ); KAFE GB/T 6682—2008 § 434523 2%
IR B GG )i ) R
1.3 ZWFE
1.3.1 #ewarats

R TH B B 7K k25 5 B AR AR F G S, i RN
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it 60 HIif, HIHSIA, BEE TS, HTRZ0K
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JrEy, B 45 OB IR DR HE R B . B R38R
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10 43RO R AR AL o PEAN B ] 32 A 2l 4K AT ER IR T
THFWEE, £ 1AARHIGESEE WIS,
1.3.3  FiA4 ey

225 F— S D I ERS MR Ik, BB S35

PR, WIS T IR 15 emx 1S om B9 TEIR
B R % P/36R ATTEHR )4 T 4 R4 4 Hr
(texture profile analysis, TPA). MRS E N WIHT
MR B SE R A 0.5 mmys, filk &1 5 g, FRAETEAR
it 30%, BEKIFENE 1 s, FAMEMSPATIE 12 %, 5
W RAE -5 B/ IMER BOF31E
1.3.4 A ehsm A0 o 2

IKGr G R E S B8 GB 5009.3—2016¢ & i & 4 H K
PRUE B K AR e ), RIERE AR L TR,
TR T AF il Ry AR B TR VR I o 33 1 E 2 IR
GB 5009.4—2016 ( B &hZ 4 FEZERME £ 0 F K 4 il
E ), R RIIBER(550 OlE . MRS #llE S
M GB 5009.5—2025 £ fitv 22 42 [F bk Bl PaE i sy
WE) , RAPRERENE, A-HEO A REE 6.25, Hl
HiRi & e 2 I GB 5009.6—2025 (£ d 4¢ 4 [ K b if
BRI E ), SRR A o SR i
W SR FH R 3 B R 12000 2, L 4 A Ay s 0 o oA s
ik
1.3.5  RIRBRL R AT BB IR

FIETR I E 2 I GB 5009.124—2016 (il 4
ERARE P BRI E ), FESLZE 6 mol/L bR
1E 110 °CFKf# 22 h )5, 22 UEIFE S, 4 A gh a5t
P2 53 BT S AT 5 MR E B0 A o AL 45 R B
FLR & B (total amino acids, TAA) ., W77 2 FEER/ A FEBR
(essential amino acids/total amino acids, EAA/TAA)LL J%
1 2 BR /K Z B2 (lysine/arginine, Lys/Arg), LATEHAS[A] 77 i
12 1 508 SR B M T 2 PTG A

®1 FAR~AHEMIARESHREITMHERITSER

Table 1 Sensory evaluation descriptions and scoring results of Apostichopus japonicus from different origins and processing methods
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1.3.6 5 5 BR 40 s T B8 I iR A0

ENITRAL S ] GB 5009.168—2016 { & &L 4 FH %
FRE S B TR A e ) REE ek, SR LR -
AR TUNE O AT R Ak b B, A O 1 % Y (gas
chromatograph, GO)#4 14T, IS RIE R HER E, 8
Tk 5 R o i R B A R] L X AT 1, T RRIH b e
B A NG T2 (saturated fatty acids, SFA). BN AIIS T
#i% (monounsaturated fatty acids, MUFA), PUFA & &, H%
% £ — AU )k, T Sh koK AR B L 35 51 (atherogenic
index, ADFIMAEIE BF8 £ (thrombogenic index, TI). Al i}
HARD) . THHHREAR@WTF:

Al= C12:0+4x C14:0+C16:0 (1)
2 MUFA+2Xn-3 PUFA+> n-6 PUFA

TI=
C14:0+C16:0+C18:0

0.5 X MUFA+0.5% > n -6 PUFA+3x> n-3 PUFA+

> n-3 PUFA @)

> n-6 PUFA
FH: C12:0 o+ Z bR (A H:R) & 12, mg/g; C14:0 -1
el (N SRR & &, mg/g; C16:0 TSkl (BRfiR) &
i, mg/g; C18:0 A+ /\ e i (B I8 iR ) & ik, mg/g; TMUFA K
MUFA 2, mg/g; Zn-6 PUFA & w-6 PUFA & HI, mg/g;
%n-3 PUFA N -3 PUFA &Fl, mg/g.
1.3.7 #AHRE RSN

ESLZPENE: 2R GB/T 44742—2024 152 K Hii
i RIS 2RI E ), PRSI, EANKR. O
UUVE S5, R = R0 A 2355 325 (high performance liquid
chromatography, HPLC){l & H:

S RAFNE: 2% GB/T 33108—2016 52 K HiAil
IS BITIE ) , PRSI alid )5 R A HPLC
HATHEER 5 73 2500 5E o
1.4 HiELIE

FTR LY PATES 3 IRGRBTH BT oh), 45 RLF
PIEPRME 22 2275 . SR IBM SPSS Statistics 26.0 %k
PRSI 430r, RIS &R 7 22534745 G Duncan’s £ 5
PoBIE Ay Hr g 1] 22 57, WK E N P<0.05. f
Python3.10 (Matplotlib/Seaborn J£) }2 GraphPad Prism 10.4.1
xfFRE . AR DG AEL . HCA Bl PCA Bl

2 HERE5HR

2.1 AE~AMESHRE TN 2R

R QDA Xt 4 ZHAF A IR FRAEEA T AR AT, 455N
P F7R e BRI, 7 Ml PR 30T 2 (R R it S HAT
SEERAE, PUHURE SR KR | AU ST A P R B A
IRAN R AL

TERYERE b, " A ff 1 B HE < B AR 50
IREAH AL BIEIEASS, JOEREM(S-DL)fEH # &

bR B HOIT IR (4.3) 0 TR AL i (3.0), KRB B 58 AYRAIE
PETE A XU T AR A A TR I bR EAR - AIE, T A XU
FROUEAXS AW . IRTEATELST, %#T_%ﬁiﬂf{%&%

FBE b KOEREN (DG-DL) R SR PE /2 53k 6.6 4, it
HEA
IS
—e—JS-DL
- = - JS-FJ
—a—-DG-DL
ceek-- DG-FJ
NN JUR
IUSERSPIES

1 ASIR i 2 B AR 43 A
Fig.l Sensory evaluation analysis of Apostichopus japonicus
from different origins
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2N, KM AELZE RNKEE ., R, EHE
PRI b8 b5 1, IR 5 K5 1 K EFE i (DG-DL) 7E i
PE(7.7) FINELIE 1 (8.0) L3 AbF 547 o X U A JE S R K
Jei BEORFF A A 20 5 R g, T A A R T | 3R
U — 8 WA Ai 25 5, B4R b PR B S R R A A
PR 225, BT AR S Am AR b o S R A AN
A28 Lx b RBP4 SRR R TR S 1
FUEN 5 fEESE RIS 7= 5 M5 LRI 5
SR TITIIE W, T R 34 T 2 7 R R S U0 R L 45 4 25 1N
FEE LT HAT I T IR AS RS AR AE
22 AREHESHRA S

RS TR I 2 0 R S R iR b, R
AR JoR I WY AR R S TR T 2 OO G R B 7 R e L A
B 2 s, EEEJS)SRTEKOGHHMHIMTIEST,
R 7 MR S ) SRR R AR A R R B 25 5, BREDEDIRES
AR B G TR B KOS, AR T R AR Y R
PR R 22 R (P<0.01), TERIEIN TSR, Wk
(IS-FI)FORE B | i 268 24 R L MGG P 349 0% S8 2 80 T R R
(P<0.01). B W ow, a2 RN 5 A UER B 5 H
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WERH Sy, BTHb AR X RE S T K S (JS-DL)REEEE h,
SRR R, P A SRS AR b 25 ROk B KO
(P>0.05), W mEREEMIE TEE—SRE LHl5 T
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(P<0.01); HAEASFER A, B4l G 8 3% 2 5 i s ik
FRPRAEEAL B T A% 0 25 431 (P<0.01), Ki% 2 (JS-DL)
Jre LR SEAR S e AT e S T B T

ZEA RTINS, BXRI AL 22 5 5 b U 2 09 A KR
B R B SRR AR E B DA S Rt B i R
ZRAERK A DUREAR, (ABE S5k AR R, 33

(A) 400 EmDL EmF)
350 - .
300
50 250
i

= 200
150
100

41531

EmDL ®=EmF]

250 s

IS DG
A5

HAEPFOIN TIEZS R H S B0 s R | o LW ) )i
FEAE, 3 A S iE” O T P, KA LIS
1355 TARIEAS A 315, (ABE 27 k4504 50 Ry 4l % H 3R e
A T I TR A R RIS O
23 AREEMESHEFIRIES T
231 RF) EREA G KR R AR AR AT

SEmbE IR BT RV S & FIE R Y TSk, 2
HOFREE 5Ty A RS U 24 R A SR
FEARIE LSS ANGR 2 7R o HEARIT R, F i IREE R T
FANR ., PR E SRR OBREB, NI S1es
FAR R R RIS EE N | RS S R I RE ML
(B) 51 smDpL =mF]

ok

ns

i /mm

215
D)127 mmDL =mF]

10 - k% sk

NELIERE /m)

IS DG
5

T FORE—F I TR, PP Hla) 22 545 835 (P<0.01); ns F/n 0 B & M2 5P>0.05), 1K 5 A,
B2 AN STEA N T 5 =R B SRR

Fig.2 Comparison of textural properties of Apostichopus japonicus from different origins under different processing modes
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Table 2 Content of general nutritional components in Apostichopus japonicus from different origins and processing methods

ILRHE TR JS-DL JS-FJ DG-DL DG-FJ
A /(g/kg) 66.47+15.28" 45.90+9.77° 362.09+58.41° 369.54+45.02°
KA % 4+1° 37+4° 27+4°

FAENI % 3£1° 1+0° 2+0°
JEbE/ (mg/g) 92.57+17.98" 185.67+34.55° 158.19+35.03° 304.82469.07°
IKG % 89+1° 91£1* 8+1° 9+1*

Al —F8AR A T 7 N R R E B8R 22 573 B35 (P<0.05), 3% 3~4 [Fl,
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KA i BT S AN TARAS, B LR Ak
e RERRTE 89%~91%2Z 8], IR TH LR H TIRMm G
WI5E, KA SR HRITE 8%~9%, YA M 7 bR HE FIHT
NHIBIFFE ) 33 o Ji5 6 3 T 36 F AR H At 8 57 A 443t
NREES 3/

EARENGES RO NETRA sy, KRR
AT R BE M- 2 53(P<0.05), KiENERESHHE
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FREMFAWERSENEM T TET, KEARLESE
B LA LR B AR . AR oo b, dE Dy KR
TR T RGE S B A A K R, AT R A2 {14 RE it
J5E £ 2 Ay e o o R PO 2T I A N 1 P BRI B
BV S R AR TR, WA= MM (& = 35 7
360 g/kg A7, KRBEFSIEEF(P>0.05), X ATHEEIR
F LW K 2B 8T KRR I KRR
K, HEE WK & BRR T AR &, Wi 7E— &
FERE B T R i 22 5521 M2 R, B
RN TR AR T, B B B T e S AR R A
Ji§_E X 5

S AT oA RRAEAS ), OB i e R
H - AR S . TR RN EIRRIR TS T, RS
4 AR e 2 B T R B B (P<0.05), B 2ok K
HEREAI 2 fF . XA EBERRE AT RE S AL S IR
R FR L R R I AR S0, g KR R, S AT
S, AU ) T B 22 0 45 F P 22 0 i 4 D L S
HoPGH A R TR 34 M S E IR IR BE T B 5 U AT R B 2 0
AR A N, Wi, mES RN REES B EN
PEHBIREBCRE . AL, 7O S T R S B R AT
Eiom, METEAT, JOERE SN & 8% & T4
HEFE AL (P<0.05), $/R AR RS FEEE &, RTIES
T, KEERERL IR 4> O B S R AR AR A, MR K

JS-FJ

oo [l

- n

i S @ng§y§§&
& T &
&

RS TER AR W P E 4 T HE L S Y oc g™,
o HAE U A AP R B T = B LT AR R

gi ik, Hemh AL S AT 48 2R T R I 2 T B 1Y
BRES KEBSURED . S YN, T
A M AL G AN W PR PR IR E M I A i 2 0 2
PR RRIE, TTRE R T R AR R AR
232 KRR EHHES A G I BR LR AT BRI

JIE 7 R AN AN 2 M A 0 M 46 g 5 2 4t B 10 G By
BT, R A AN [R5 R 5 R B R M 2 5 0 24
Bro QI 3 fizs, F=HUIREE B0 T W2 10 g I R 4 g
TR,

HERIEIEAJS) T, K%M (JS-DL)LE £ FiFF 1k B
IR T2 BE b X Lo AR A S (JS-FI) 2 B0 M S 25 10 v R B
fIE(P<0.05) JS-DL H i % i A AE AR (3. 11 mg/g) FIAF AR I
M2(3.91 mg/g)ANUH AL T B Foiili ) RE it 4, o v B ST ik
T AL SRR T R AR A A sl i S A
SE NG A e D22 ok i A 25 SRBIAE n-3 PUFA,
02 DHA, JS-DL 138 (1.35 mg/g)25h JS-FJ 14 6 1% .
X S 2 1) A R S O PR R VA A P K R
PR B8 3 4 N E £ K 8% PUFA SR IEAS AE A8 iR i Y,
Ak, AT TR A A O I A5 fEE B XU ) 1A T, %
AR R B M AR . £ 3 25 RERM, MERERD
) AT TT ¥ 8258 TR 2R 5 (P<0.05), X 5 RTAMIIFZE
—HPN HAER T AP TR B

TEIRTIER(MDG) T, K& RIS BN THEH T
TR, B n-6 RIIRRIITR 05340 22 SR UG MT o A EERE S
(DG-FI) B . 3 AR & 2 (0.73 mg/g) W 2 i T K& ke &
(P<0.05), FfarshHAM n-6 HHX Li% . XFh n-6 RIUH
B M AT AR S <At SRR R FREH A S R AR
K, Rl R IR AR T AR R 5 A SR
FHIEFEA IR B n-6 BT BR KU,

~ N HEE - BEEEE
Lo

-0.5

-0
*ok ok * * skok * * ok
- . -_O 5

. |71:0

e E B E TR LSS AR B i (LD e, IR, *FoR R TR, %7 R S ) — T AR A R M 25 R (P<0.05),
22 3 (P<0.01), F 4[], —+ “B/NK R (docosahexaenoic acid, DHA).
B3 AR Ko T 08 S M e iR e SR AR

Fig.3 Cluster heatmap of fatty acid profiles of Apostichopus japonicus from different origins and processing methods
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Table 3 Fatty acid nutritional evaluation indexes of Apostichopus japonicus from different origins and processing methods

EREM IR JS-DL JS-FJ DG-DL DG-FJ

SFA 10.56+1.732 4.77+0.48° 3.76+0.30° 4.72+0.82°
MUFA 7.87+1.14 1.56+0.28b 0.98+0.112 1.07£0.19¢
PUFA 3.93+0.612 1.28+0.17° 0.94+0.12° 1.38+0.20°"
EPA+DHA 1.39+0.30¢ 0.27+0.05° 0.18+0.032 0.17+0.022

n-6/n-3 0.124+0.015° 0.324+0.068" 0.331+0.098° 1.331+0.118°

Al 0.503+0.084° 0.877+0.092° 0.934+0.095¢ 0.992+0.1222

TI 0.282+0.050° 0.542+0.046° 0.41620.099" 0.885+0.110°

1 ik U R (eicosapentaenoic acid, EPA).

NE AR B SR PR (R 3)L~>F%%/?Tiﬁ?ﬁﬁi§ﬁﬁ
fRERNE I ERZ M, B KGERE S ) EPA+DHA |
(1.39 mg/g) & L T @ HEAE & (P<0.05), IHE%T/H\J/EjﬂjE
JFi n-3 PUFA JREESR IR B0 IR PY . 76 G Tl e 45 4 1,
JS-DL 4 n-6/n-3 H{H (0.124) & Z 1€ F JIS-FJ (0.324)
(P<0.05), HI: AL FI TI #4b FRAKF, X RUIKEES
AR TR J T A5 A B FR 2 L b R A0 e,
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Fig.4 Cluster heatmap of amino acid profiles of Apostichopus japonicus from different origins and processing methods
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Table 4 Amino acid nutritional evaluation indexes of Apostichopus japonicus from different origins and processing methods

BRI EIR JS-DL JS-FJ DG-DL DG-FJ
TAA 6.210.44° 4.01£0.71° 33.41+6.22° 41.84+6.52°
EAA 1.80+0.23° 1.08+0.17° 9.65+1.33" 11.76+1.94°

EAA/TAA 0.29+0.02° 0.27+0.01° 0.29+0.02° 0.28+0.00°
SR IEIR 1.40+0.04° 0.96+0.17° 8.40+1.93 10.54+1.74°
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Fig.5 Comparison of functional active components content in Apostichopus japonicus from different origins and processing methods
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Table 5 Eigenvalues, variance contribution rates and cumulative
contribution rates of PCA (%)

F 5 PC1 PC2 PC3 PC4
FFAE(E 5.17 1.89 1.24 0.84
J TR Y% 4997 1831 11.99 8.09
BHTTHRE /% 49.97 6828 8027 8837
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Table 6 Loading matrix of core nutritional indicators on
principal components
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